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H. 8. KRIEBEL* 
INTRODUCTION 
Seed source tests of sugar maple (Acer saccharum Marsh.) were 
started in Ohio in 1954 to study the effects of geographic origin of the 
seed on survival, growth, and other characteristics. Various publications 
have reported the experimental procedures and results obtained in the 
nursery and at early ages in the six field tests ( 1, 2, 3, 4, 5, 6). 
This report summarizes the results at age 20 in four field tests, two 
in northern Ohio and two in southern Ohio. Plantation L-15 in north-
ern Ohio (Wayne County near Wooster) includes trees from 30 sources, 
of which 21 are replicated in Plantation SE-1 in southern Ohio (Meigs 
County near Carpenter). Plantation L-16 is adjacent to L-15 at Woos-
ter. It includes a test of trees from three sources in the southern eco-
type of sugar maple, a supplementary test of three of the four Ohio seed 
sources, and a test of three widely separated Ontario sources. The 
southern selections are replicated in plantation SE-2 at Carpenter. In 
all, the experiments include 603 trees in the Wooster plantings and 342 
trees in the Carpenter plots. 
Site conditions are more favorable for tree growth on the fertile 
Wooster silt loam than on the severely eroded Muskingum silt loam of 
southeastern Ohio. The objective of the tests at Carpenter was to de-
termine whether any available genetic material was suitable for planting 
under these adverse but common conditions. 
METHODS 
The trees were transplanted into the field at age 4 in northern Ohio 
and at age 5 in southern Ohio. Replacements of initial losses were made 
during the first three dormant seasons after planting in northern Ohio 
and the first two dormant seasons in southern Ohio. 
Measurements were made during the dormant season after 20 
growing seasons from the time of seed germination. Repeated winter 
dieback and sprouting of many trees precluded height and diameter 
measurements of trees of the southern sources. 
Significance tests of differences among sources of sugar maple ( "F" 
tests) are not meaningful for interpretation of range-wide genetic varia-
tion because of the partly continuous nature of variation in most charac-
*Professor, Dept. of Forestry, Ohio Agricultural Research and Development Center, Wooster. 
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tet& ( 2). The 2U-7ear data were therefore compiled a~ ran.led com-
parisons of source means. The consistency of rankings in relation to 
similar comparisons at earlier ages provided a basis for judging the valid-
ity of source differences. 
Statistical evaluation was made, however, of differences in height 
and diameter among trees of the three Ohio sources (Ashtabula, Wayne, 
and Logan counties) in the supplementary test of local variation. To 
TABLE 1.-Survival, Height, and Diameter at Age 20 in Wooster and 
Carpenter Sugar Maple Plantations L-15 and SE-1 (Northern and Central 
Ecotypes). 
Wooster Carpenter 
Mean Mean Mean Mean 
Seed Source Survival Height, DBH, Survival Height, DBH. 
(County, State, or Province) Percent Ft. In. Percent Ft. In. 
Mclean, Ill 100 33 49 61 19 34 
Warren, Pa 100 32 50 44 19 35 
Ashtabula, Ohio 89 32 5 8 61 16 29 
Wayne, Ohio• 100 32 48 78 16 24 
Hancock, Ohio 94 31 46 67 16 23 
Logan, Ohio 100 31 48 61 18 3 3 
Brown, Ind 83 31 45 
Westmoreland, Pa 94 31 46 30 15 1 6 
Middlesex, Conn 89 31 47 
Berkshire, Mass 75 31 44 
Cumberland, Nova Scotia 100 31 45 50 18 3 1 
Lambton, Ont 94 30 43 17 17 1 6 
Anderson, Tenn 92 30 43 56 16 22 
Worcester, Mass 94 30 49 56 16 23 
Somerset, Marne 80 30 40 
Onondaga, N Y. 94 30 46 33 17 20 
Buncombe, N c. 100 29 42 
L1tchf1eld, Conn 92 29 48 
Union, Ill 89 29 5 2 89 20 40 
Bureau, Ill 83 28 40 67 14 1 8 
Antrim, Mich 88 28 43 67 16 2 3 
Marquette, Mich 82 28 42 44 16 2 1 
Chittenden, Vt 100 28 4 0 
Honts, Nova Scotia 75 28 32 
Quebec, Quebec 86 28 3 0 33 8 07 
Ingham, Mich 100 27 4 1 75 16 26 
Clayton, Iowa 83 27 33 83 17 3 0 
Van Buren Iowa 100 27 3 1 100 13 1 5 
Highland, Va. 100 26 44 50 18 22 
Webster, Iowa 100 26 3.1 
Mean of Common Sources 93 30 4.4 58 16 24 
*local source with respect to the Wooster plantation 
A. 
compare results at different ages, regression analyses were run on tree 
height at age 6 vs. age 20 at Wooster, and at age 7 vs. age 20 at Carpen-
ter. 
RESULTS 
Table 1 summarizes survival, height, and diameter breast high 
( DBH) ( 4 y2 feet above ground level) in tests L-15 and SE-1. The 
seed sources are ranked by their mean height growth at Wooster. 
Northern Ohio 
Excluding the southern ecotype, survival of trees of all sources was 
high in northern Ohio (Table 1 and Figure 1). There was no relation 
·FIG. 1.-Twenty-year-old sugar maple seed source plantation L-15 
at the Ohio Agricultural Research and Development Center, Wooster. 
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TABLE 2.-Survival and Winter Injury at Age 20 in Wooster and 
Carpenter Sugar Maple Plantations L-16 and SE-2 (Southern Ecotype). 
---- - - ---·-·--·-- --~ 
Wooste1r Carpenter 
Seed Source Survival Dieback* Survival Dieback 
(County, State) Percent (Surviving Trees) Percent (Surviving Trees) 
Bibb, Ga. 100 Slight 83 Slight 
Franklin, Miss. 70 Moderate 78 Moderate 
Jackson, Fla. 30 Severe 17 Severe 
*Slight = Up to one-third of crown dead. Moderate = One-third to two-thirds of 
crown dead. Severe = More than !we-thirds of crown dead. 
of survival rate to seed source, contrary to early response to severe 
drought conditions in the nursery at ages 1 and 2. 
Mean height growth varied among sources from 33 to 26 feet or 
about ± 10% of the plantation mean of 30 feet. Height growth was 
greatest in trees of mid-latitude origins from central Illinois to western 
Pennsylvania. It was intermediate in trees from extreme southern Illi-
nois, Tennessee, southern Ontario, western New York, and southern 
New England. The lowest growth rate was found in trees of Iowa, Lake 
States, and northeastern Canadian sources. This was a continuation 
of the previously observed geographic pattern. 
Diameter growth was more variable than height growth. Seed 
source means ranged from 5.8 to 3.0 inches, i.e., about ±32% of the 
plantation mean of 4.4 inches. There was no clear trend parallel to the 
trend of height growth, hut a general conformity to the broad pattern 
of regional variation in height growth was apparent. Analysis of height 
and diameter in the separate test of Ohio sources showed that differences 
among sources were not significant. 
The correlation between height at age 6 and age 20 was + 0.52, 
hased on individual tree measurements at both ages. 
Table 2 summarizes the hardiness evaluation of southern trees in 
northern Ohio. Trees of Georgia origin were most winter-hardy. Trees 
of Mississippi origin were moderately winter-hardy. Trees of Florida 
origin were the least winter-hardy of all selections tested. 
Southern Ohio 
Survival rates were low in southern Ohio (Table 1). Of the 21 
seed sources in Meigs County test SE-1, trees of only five sources had 
75% or better survival by age 20. These sources were all in the Cen-
tral States and southern Lake States. In general, low survival rate was 
characteristic of trees of the northern hardwood ecotype and moderate-
to-high survival rate of trees of the central hardwood ecotype. These 
ecotypes are as described by Kriebel and Gabriel ( 6). 
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Overall, trees in the southern test had slightly more than half the 
growth rate of trees in the northern test ( 16 vs. 30 feet) when selections 
common to both tests were compared (Table 1 ) . The best of the 21 
seed sources in the southern locality continued to be extreme southern 
Illinois. Growth superiority, although slight at 20 years, has been con-
sistent for this source during the entire life of the plantation. Trees of 
northern Ohio origin were no better than the plantation mean. 
Diameter growth trends in southern Ohio were similar to height 
growth trends. The superiority of the southern Illinois trees in diameter 
as well as height is offset by their greater branchiness and poorer timber 
form, as previously noted ( 6) . 
The correlation between height at age 7 and age 20 was + 0.26, 
i.e., half the correlation found in the northern test. 
Winter mortality and winter injury of the southern selections 
(Table 2) were comparable to results in the northern test of these 
sources. Again, Georgia trees were most hardy, Mississippi trees inter-
mediate, and Florida trees least hardy. 
DISCUSSION 
Seed source does not appear to be a critical factor in establishment 
and continued survival of planted sugar maple on good sites in northern 
Ohio. 
Seed source selection is clearly critical for the commonly encoun-
tered poor-quality, old-field areas in southern Ohio. Very few geo-
graphic sources appear suitable. Selections from regions of warm dry 
summer climate as found in western parts of the species range are best 
adapted to these sites. This suggests that moisture stress is a limiting 
factor in source adaptability, as demonstrated in nursery experiments. 
No conclusions can be made of the relative importance of planta-
tion location vs. site quality to survival of sugar maple, since it was not 
possible to test a poor site in the north or a good site in the south. The 
higher summer temperature conditions in the south probably accentu-
ated the adverse effects of poor site conditions in these experiments. 
Selection for growth rate is, of course, secondary to selection for 
survival capacity. In northern Ohio, where there were no source dif-
ferences in survival and site conditions were favorable, variation among 
seed sources in mean growth rate was not very large. A fairly wide 
choice of genetic material is therefore possible under these conditions. 
Since local (northern Ohio) selections were among the top-ranking ones, 
seed from local, native trees appears best for general use in northern 
Ohio. Use of McLean County, Illinois, seed can also he recommended 
because of the consistent superiority of these trees through the years. 
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In southern Ohio, sources with the best mean growth at age 20 did 
not always have the best survival rate. As in earlier evaluations, only 
the southern Illinois source was satisfactory from both standpoints. As 
noted, trees of this source have poor form and are not superior for tim-
ber production. Also, although these trees were the most vigorous in the 
southern test, their growth rate was only about two-thirds that of trees 
of the same source in the northern test. 
The southern Illinois selection would, however, make a good orna-
mental or shade tree in either northern or southern Ohio. Desirable 
traits include its moderate growth rate, moderate branchiness or ten-
dency to fork, and extreme summer and winter hardiness. In contrast, 
the Georgia, Mississippi, and Florida selections are of suitable size and 
form for ornamental use, but not sufficiently winter-hardy to be recom-
mended. 
It is clear that sugar maple cannot be selected for growth rate on 
the basis of early field performance at age 6 or 7. The relative growth 
rate of a tree was more consistent over the years in the north than in the 
south. But in neither test was the correlation between early and later 
growth rate high enough to provide a reliable estimate of future individ-
ual tree performance. Only one-third of the trees in the top 10% at 
age 6 at Wooster were in the top 10% at age 20. The results were simi-
lar to those found earlier in comparisons of 2nd and 9th-year growth 
and of 6th and 13th-year growth. 
These experiments show that sugar maple plantations can be es-
tablished and maintained successfully on good sites. Careful site and 
seed source selection is necessary because of the long rotation and high 
value of the timber crop. In northern Ohio, a local seed source (not 
more than 100 miles from the planting site) is recommended. In keep-
ing with basic principles of genetic improvement, seed should he col-
lected from stands of the highest available quality with respect to form 
and vigor. 
SUMMARY 
Seed source plantations of sugar maple in northern and southern 
Ohio were measured at the end of 20 years of growth from seed. Sur-
vival of trees of all but the most extreme southern sources was high on 
a good site in northern Ohio, whereas on a poor site in southern Ohio 
only trees from the western part of the species range had a high survival 
rate. On the productive northern site, local seed sources were among 
the best in height and diameter growth. On the eroded southern site, 
even the best geographic selections had a much lower growth rate than 
the same selections planted in the north. A selection from extreme 
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southern lllinois was the only one combining a high survival rate and 
moderate growth on the poor site. This selection can be recommended 
for amenity planting under these adverse conditions, but not for timber 
production. 
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BETTER LIVING IS THE PRODUCT 
of research at the Ohio Agricultural Research and Development Center. 
All Ohioans benefit from this product. 
Ohio's 110,000 farm families benefit from the results of agricultural 
research translated into increased earnings and improved living condi-
tions. So do the families of the thousands of workers employed in the 
firms making up the state's $8 billion agribusiness complex. 
But the greatest benefits of agricultural research flow to the millions 
of Ohio consumers. They enjoy the end products of agricultural science 
-the world's most wholesome and nutritious food, attractive lawns, 
beautiful ornamental plants, and hundreds of consumer products con-
taining ingredients originating on the farm, in the greenhouse and nurs-
ery, or in the forest. 
The Ohio Agricultural Experiment Station, as the Center was called 
for 83 years, was established at The Ohio State University, Columbus, in 
1882. Ten years later, the Station was moved to its present location in 
Wayne County. In 1965, the Ohio General Assembly passed legislation 
changing the name to Ohio Agricultural Research and Development Cen-
ter-a name which more accurately reflects the nature and scope of the 
Center's research program today. 
Research at OARDC deals with the improvement of all agricultural 
production and marketing practices. It is concerned with the develop-
ment of an agricultural product from germination of a seed or devel· 
opment of an embryo through to the consumer's dinner table. It is di-
rected at improved human nutrition, family and child development, home 
management, and all other aspects of family life. It is geared to en· 
hancing and preserving the quality of our environment. 
Individuals and groups are welcome to visit the OARDC, to enjoy 
the attractive buildings, grounds, and arboretum, and to observe first 
hand research aimed at the goal of Better Living for All Ohioans! 
The State Is the Campus for 
Agricultural Research and Development 
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Ohio's major soil types and climatic 
conditions are represented at the Re-
search Center's 13 locations. 
Research is conducted by 15 depart-
ments on more than 7200 acres at Cen-
ter headquarters in Wooster, eight 
branches, Green Springs Crops Re-
search Unit, Pomerene Forest Labora-
tory, North Appalachian Experimen-
tal Watershed, and The Ohio State 
University. 
Center Headquarters, Wooster, Wayne 
County: 1953 acres 
Eastern Ohio Resource Development 
Center, Caldwell, Noble County: 
2053 acres 
Green Springs Crops Research Unit, 
Green Springs, Sandusky County: 
26 acres 
Jackson Branch, Jackson, Jackson 
County: 344 acres 
Mahoning County Farm, Canfield: 
275 acres 
Muck Crops Branch, Willard, Huron 
County: 15 acres 
North Appalachian Experimental Wa-
tershed, Coshocton, Coshocton Coun-
ty: 1047 acres (Cooperative with 
Agricultural Research Service, U.S. 
Dept. of Agriculture) 
North Central Branch, Vickery, Erie 
County: 335 acres 
Northwestern Branch, Hoytville, 
Wood County: 24 7 acres 
Pomerene Forest Laboratory, Coshoc-
ton County: 227 acres 
Southern Branch, Ripley, Brown 
County: 275 acres 
Western Branch, South Charleston, 
Clark County: 428 acres 
